Abstract. XAGE-1 is a member of the cancer/testis antigen family and it was first identified by searching for the PAGE/ GAGE-related genes. Four transcript variants have been discovered and have a broad expression in cancer. As a prominent transcript, XAGE-1b is encoded by 81 amino acids with a molecular weight of 9 kDa. We determined the cellular localization of all four splice variants by confocal microscopy analysis. Among these, XAGE-1a, -1b and -1c showed distinct speckled nuclear localization, while XAGE-1d was distributed evenly both in the cytoplasm and nucleus. By deletion mutagenesis and site directed mutagenesis, we identified the bipartite nuclear localization signal and found that it contributes to the nuclear localization of XAGE-1 variants; but the nuclear localization signal (NLS) only cannot form the characterized distribution of XAGE-1b; amino acids 25-42 also play a role in the formation of nuclear speckles. XAGE-1b, the main transcript of XAGE-1, may act as a partner protein or a member of a protein complex, which plays a role in tumor development and progression.
Introduction
XAGE-1 (X antigen family, member 1) was discovered by homology walking strategy searching the expressed sequence tag (EST) database (1) , it is located on chromosome Xp11.21-p11.22 (2, 3) . The expression profile defined XAGE-1 as one member of cancer/testis antigen. Based on the position of encoded gene on the chromosome, it was categorized into CT-X antigens (4) .
There are 44 CT (cancer/testis) antigen families discovered currently (5) . Every CT gene family may contain multiple members or splice variants. The first CT antigen gene MAGE1 (melanoma-associated antigen 1) was identified in melanoma cell line by autologous typing (6), 12 members clustered at Xq28 have been found in this family (7) . Owing to their highly restricted expression patterns in normal tissues and their expression in a wide range of human tumor types, CT antigens have been regarded as ideal targets for cancer vaccines (4) . (3, 8) . It expressed mainly restricted to testis, placenta and brain in normal tissues, while widely expressed in tumors, such as in: Ewing's sarcoma, alveolar rhabdomyosarcomas, lung adenocarcinoma, prostate cancer, and melanoma (1-3,9-11). As a prominent transcript, XAGE-1b is encoded by 81 amino acids, with molecular weight of 9 kDa (9, 12) . Coupled expression of GFP with XAGE-1a and -1b showed the distinct speckled distribution in the nucleus (3); mAb analysis detected XAGE-1b located also in the nucleus (12) . In this study, we have described the cellular distribution of the all four XAGE-1 variants and detected their corresponding protein expression, explored the mechanisms for the cellular distribution and the minimum sequence for the characterized nuclear localization.
XAGE-1 consists of 4 alternative splice variants: XAGE-1a, -1b, -1c and -1d

Material and methods
Cell culture and transfection. COS7 and 293T cells were cultured in Dulbecco's modified Eagle's medium (DMEM, Invitrogen) supplemented with 10% fetal calf serum (Hangzhou Sijiqing Biological Engineering Materials Co., Ltd.), 100 U/ml penicillin, and streptomycin (100 μg/ml, Gibco). Cell lines were incubated at 37˚C in humidified air with 5% CO 2 .
Plasmid construct. The four XAGE-1 spliceosomes were amplified from testis library (Takara) by using primers as follows: AF: 5'-TCGACTCGAGATGCTCCTTTGGTGCC CAC-3' and AR: 5'-CCGGAATTCGAACTTGTGGTTGCT CTTCAC-3'; BF: 5'-TCGACTCGAGATGGAGAGCCCCA AAAAGAAGA-3' and AR: as above; CF: 5'-TCGACTCGA GAAGGCCCTCGAAGTCGTCGT-3' and CR: 5'-CCGGAA TTCGAACTTGTGGTTGCTCTTCAC-3'; DF: 5'-CGAC ONCOLOGY REPORTS 25: 1083 -1089 , 2011 NLS-dependent and insufficient nuclear localization of XAGE-1 splice variants TCGAGATGGAGAGCCCCAAAAAGAAGA-3' and DR: 5'-CCGGAATTCGGGTATTATCTTCACCTTGACG-3'; and were cloned into pEGFP-N1 plasmid. XAGE-1b deletion constructs were generated by PCR amplification using the corresponding region primers, the XhoI and EcoRI sites were used to fuse the ORFs in frame to the pEGFP-N1 plasmid.
Site-directed mutagenesis. The putative NLS point mutations and double-point mutations were generated by using primers XAGE-1bFm: 5'-ATCTCGAGATGGAGAGCCCCGCAG CCGCGAA-3', XAGE-1b-IIaF1: 5'-GCCGCGAACCAGC AGCTGAAAGTCGGGATCCTACA-3', XAGE-1b-IIaF2: 5'-GGATCCTACACCTGGGCAGCGCACAGGCAGCA ATC-3', XAGE-1b-IIaF3: 5'-CAGGCAGCAATCAGGATA CAGCTGAGA-3'; XAGE-1bF: 5'-ATCTCGAGATGGAGAG CCCCAAAAAGAAGAA-3';XAGE-1bR: 5'-CT GAATTCT AACTTGTGGTTGCTCTTCA-3'. Subcloned into pEGFP-N1 plasmid. All the clones were confirmed by sequencing.
Cell transfection and confocal microscopy. Cells were seeded onto coverslips in 6-well dishes and incubated overnight to have an approximate confluency of 60-70%. Transfection was performed using Lipofectamine™ 2000 (Invitrogen) according to the manufacturer's instructions. Briefly, diluted Lipofectamine 2000, 2 μl in 250 μl Opti-MEM medium (Gibco), was incubated for 5 min, mixed with diluted 2 μg plasmid the in 250 μl Opti-MEM medium, incubated for 20 min at room temperature, the added to the cell wells, 4-6 h later the DMEM medium was change to 10% serum. Thirty-six hours after transfection, cells were washed in phosphate-buffered saline (PBS, pH 7.4), then fixed in 4% paraformaldehyde for 10 min on ice, followed by washing in PBS, cells were stained in the dark with 100 ng/ml DAPI (Sigma) with 0.1% Triton X-100 for 20 min, cells were finally washed twice in PBS, coverslips were mounted onto glass slides and were sealed with nail polish, imaged by Leica TCS-SP5 confocal microscopy (Germany). Fluorescent cells were counted using Olympus IX51 fluorescent microscope (Japan).
Western blot. After 48 h of transfection, cells were harvested in tubes, washed with phosphate-buffered saline (PBS, pH 7.4) two times and then incubated with cell lysis buffer (Shanghai Shenergy Biocolor Bioscience & Technology Company) on ice for 10-20 min. The lysates were centrifuged at 13000 rpm for 10 min at 4˚C and the supernatants were transferred to the new tubes. Supernatants were quantified by Bradford assay, 30 μg of total protein were geled by SDS-PAGE and transferred to the nitrocellulose membrane (Millipore). The membrane were blocked with 5% skim milk in TBST (pH 7.4) for 3 h before incubated with rabbit polyclonal GFP antibody (ab290, Abcam plc.) 1:5000 diluted in TBS overnight at 4˚C, washed with TBST four times, then incubated with horseradish peroxidase (HRP) conjugated goat anti-rabbit secondary antibody (Immunology Consultants Laboratory Inc.) 1:5000 diluted in TBS 2 h at room temperature. After rinsing 4 times with TBST, membrane were processed by using chemiluminescence detection system (Lot: KG136092, Thermo) according to the manufacturer's protocols.
Results
Cellular localization of four XAGE spliceosomes and their expression in COS7 cells.
From testis library, we cloned the open reading frames (ORFs) of four transcripts of XAGE-1: XAGE-1a, -1b, -1c, -1d ( Fig. 1A) and ligated them to the N-terminus of GFP. After transfecting these transcripts in COS7 cells, the cells were imaged using Leica TCS SP5 confocal microscope. Cellular localization (Fig. 2) , expressed GFP protein of control and XAGE-1d/GFP fusion protein present across the cytoplasm and nucleus, while the proteins of GFP fused with XAGE-1a, -1b, -1c, respectively, distribute predominantly in nucleus, and they present as characteristic nuclear speckles.
Schematic representation of the four protein sequences of XAGE-1 variants shown in Fig. 1A , indicate that XAGE-1a, -1b, -1c have the common sequence XAGE-1b. To detect the expression of the fusion proteins of GFP with XAGE-1 variants, we performed Western blot analysis using rabbit polyclonal to GFP antibody. The four fusion proteins were found in their corresponding molecular weight position (Fig. 3) . We also detected the same molecular weight protein with XAGE-1b/GFP expressed in lanes for transfected pEGFP-N1-X-1a, pEGFP-N1-X-1c plasmids. All lanes for transfected pEGFP-N1-X-1a, -1b, -1c and -1d plasmids have the same molecular weight protein expression with GFP.
Identification of the nuclear localization signal. Considering XAGE-1a, -1b and -1c share the common sequence and similar cellular localization, we thought that the NLS may be located on XAGE-1b, so, we analyzed the sequence of XAGE-1b for NLS by PSORT II program at http://psort.ims. u-tokyo.ac.jp (13, 14) . This analysis indicates that XAGE-1b has a classical type of NLS with 4 residue pattern (PKKK) or 7 residue pattern (PKKKNQQ) at 4th amino acid (Fig. 1C) . Fluoresence of deleted N-terminal 10 amino acids XAGE1b/GFP (pEGFPN1-X-1b-11F) (Fig. 1B) showed fluorescence distributed in cytoplasmic cells increased (Table I) , but characteristic speckles were still similar with that of XAGE1b/GFP (Fig. 4) .
Zendman et al (3) have predicted that XAGE-1b has a potential bipartite candidate NLS at amino acids 5-24. To determine whether this potential NLS is capable of directing ONCOLOGY REPORTS 25: 1083-1089, 2011 Figure 2 . Cellular localization of four XAGE-1 variants in COS7 cells. Fluorescence of GFP, X-1d/GFP is seen both in the cytoplasm and nucleus, while X-1a/GFP, X-1b/GFP, X-1c/GFP localize in the nucleus predominantly and show charateristic dotted distribution. Corresponding nuclei were stained with DAPI (the lower panel). Cells were imaged using Leica TCS SP5 confocal microscope. Figure 3 . Western blot detection of the protein expression of four XAGE-1 splice variants. COS7 cells were transfected with pEGFP-N1-X-1a, pEGFP-N1-X-1b, pEGFP-N1-X-1c, pEGFP-N1-X-1d and pEGFP-N1, nontransfected cells were defined as negative control. After 48 h, cells were analyzed by Western blot, the primary antibody is Rabbit polyclonal to GFP antibody (ab290, Abcam). No expression in negative control; GFP expression in lane 1; specific proteins expressed for four XAGE-1 splice variants; the same molecular weight protein with XAGE-1b/GFP expressed both in cells transfected pEGFP-N1-X-1a and pEGFP-N1-X-1c; lanes for transfected pEGFP-N1-X-1a, -1b, -1c and -1d plasmids have the same molecular weight protein expression with GFP. nuclear localization, we constructed further deleted mutation of the N-terminal 24 amino acids of XAGE-1b as shown in Fig. 1B , and fused these mutation forms with N-terminal of GFP (pEGFPN1-X-1b-25F). After transfection into COS7 cells, we observed that the green fluorescence localizes both in the cytoplasm and nucleus evenly, except for scattered cells still with the dispersed speckles in nucleus (Fig. 4 ). This distribution is very different to that of XAGE-1b.
The predicted NLS sequence include two basic domains, to verify if the different fluorescence distribution was due to these basic regions in the sequence, we performed the sitedirected mutation constructs within the NLS of XAGE-1b (Fig. 1C) , as expected, the expression of X-1b-M1/GFP (K→A at amino acids 5-7) in COS7 cells produced still distinct dotted or speckled nuclear localization as that of pEGFPN1-X-1b-11F (Fig. 4) , while cells transfected with pEGFPN1-X1b-M3 (K→A at amino acids 5-7; RQKK→AQAA at amino acids 21-24) had a similar distribution with that of pEGFPN1-X-1b-25F. This indicates that the two basic domains in the bipartite NLS are involved in XAGE-1b nuclear localization. Fluorescence of the mutation at the second basic domain (pEGFPN1-X-1b-M2; amino acids 21-24: RQKK→ AQAA) distributes both in the cytoplasm and nucleus, and the speckles are obvious.
The nuclear signal is not sufficient for the distinct nuclear localization. Although the fluorescence of GFP fusion protein with XAGE-1b-25F and XAGE-1b-M3 is distributed in the whole cell, the tiny speckles exist in the nuclei of scattered cells (Fig. 4) . Aligning the sequence of XAGE-1b with that of XAGE-1d, we found that they have the N-terminal 32 amino acids in common (Fig. 1A) , i.e., they all include the NLS sequence, but fused XAGE-1d/GFP protein is present both in the cytoplasm and nucleus evenly. We also ligated the N-terminal 30 amino acids of XAGE-1b (pEGFPN1-X-1b-52R) to the GFP (Fig. 1B) , the fluorescence was still evenly distributed in whole cell (Fig. 5) . These results indicate the nuclear signal is not sufficient for the characterized nuclear localization.
The minimum sequence for the characterized nuclear localization. To find the minimum sequence capable of directing the protein into nuleus and to form the characterized nuclear localization, we built the deletion mutation constructs of XAGE-1b from its C-terminal end (Fig. 1B) . C-terminal 30 amino acids deleted mutation of XAGE-1b (pEGFPN1-X-1b-31R) showed a very small difference in fluorescence localization to that of XAGE-1b (Fig. 5) ; When we deleted the C-terminal 45 amino acids (pEGFPN1-X-1b-46R), the even distribution could be observed both in the nucleus and in cytoplasm. We deleted the C-terminal 39 amino acids (pEGFPN1-X-1b-40R), but Figure 4 . The bipartite NLS of XAGE-1b contributes to its nuclear localization. Fluorescence of X-1b-11F/GFP, X-1b-M1/GFP localized mainly in the nucleus, while X-1b-25F/GFP, X-1b-M3/GFP localized both in the cytoplasm and nucleus, dispersed speckles existed in some cells. Fluorescence of X-1b-M2/GFP distributed in the whole cell, the characteritic speckles are still obvious. Corresponding nuclei were stained with DAPI (the lower panel). Cells were imaged using Leica TCS SP5 confocal microscope. Table I . Quantitative scoring of fluorescent subcellular localization for constructs.
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COS7 cells were transfected with constructs above, fluorescent cells were counted 36 h after transfection by Olympic IX51 fluorescent microscope. Each value represent 3 times counts ± s.d.
the speckled GFP fusion protein was still observed in some COS7 cells, while in other cells, fluorescence was distributed evenly in nucleus, no speckles; so, the C-terminal 39 amino acids are not totally necessary for the speckled form.
Given that pEGFPN1-X-1b-11F showed the characteristic speckles in nucleus similar to that of XAGE-1b/GFP, we further deleted both N-terminal 10 amino acids and C-terminal 36 amino acids (pEGFPN1-X-1b-11F37R), transfected in cells, the GFP fusion protein still localized in the whole cell (Fig. 5) ; Results are more obvious in 293T cells, in which fluorescence of pEGFPN1-X-b-11F37R was more expressed in the cytoplasm and slightly in the nucleus (Fig. 6) . All the analysis revealed that the N-terminal 42 amino acids (may at least minimal sequence of amino acids 5-42) contribute to the characteristic dotted localization in the nucleus of XAGE-1b.
Discussion
Fourty-four CT antigens have been identified by various methods, including T-cell epitope cloning (15), SEREX (16) , representational difference analysis and database mining (17) . Twenty-two out of these antigens are CT-X antigens and they are usually highly expressed in the spermatogonia (4) . Using spermatogenesis as a model, Hogarth et al supposed that regulation of nucleocytoplasmic shuttling may regulate gene transcription and hence cell fate (18) . For the reported CT-X antigens, NY-ESO-1, SSX, SPAN-X localized both in ONCOLOGY REPORTS 25: 1083-1089, 2011 Figure 5 . Possible minimum sequence for the speckled distribution of XAGE-1b in nucleus of COS7 cells. Fluorescence of X-1b-31R/GFP showed similar localization with that of X-1b/GFP; even distribution and speckled distribution in nucleus both for X-1b-37R/GFP and X-1b-40R/GFP, while X-1b-46R/GFP, X-1b-52R/GFP showed similar fluorescence to that of XAGE-1d/GFP. Fluorescence of X-1b-11F37R/GFP localized both in the cytoplasm and nucleus, no speckles exist in the nucleus. Corresponding nuclei were stained with DAPI (the lower panel). Cells were imaged using Leica TCS SP5 confocal microscope. Figure 6 . Possible minimum sequence for the speckled distribution of XAGE-1b in the nucleus of 293T cell. Similar fluorescence distribution as in COS7 cells. Evenly distribution and speckled distribution both exist for X-1b-37R/GFP, while X-1b-46R/GFP showed similar fluorescence to that of XAGE1d/GFP. Fluorescence of X-1b-11F37R/GFP localized both in the cytoplasm and nucleus, more increased in the cytoplasm, no speckles exist in the nucleus. Corresponding nuclei were stained with DAPI (the lower panel). Cells were imaged using Leica TCS SP5 confocal microscope. the nuclei and in the cytoplasm of cells (19, 20) , CAGE showed predominantly nuclear localization (21) . Plasma cell myelomas (PMs) with pure cytoplasmic MAGE-C1/CT-7 expression showed a better prognosis than PMs with combined nuclear-cytoplasmic or nuclear expression only (22) . Immunohistochemistry showed that increased cytoplasmic MAGE-A3 expression correlated with the progression of human thyroid cancer (23) .
In this research, we cloned the ORFs of all four splice variants of XAGE-1 directly into pEGFP-N1, fused to the Nterminus of enhancer GFP. This is the first report on the cellular localization of all four XAGE-1 transcripts fused with GFP. Confocal microscopy showed that coupled fusion protein XAGE-1a, -1b, -1c/GFP have similar distinct speckled nuclear distribution, while XAGE-1d/GFP distribute through-out the nucleus and cytoplasm evenly. The precise different cellular localization of XAGE-1a, -1b, -1c and XAGE-1d may be related to their biological functions. Further investigation is undertaken for the different roles of the variants.
These four transcripts of XAGE-1 can be expressed into 146aa, 81aa, 160aa and 69aa respectively in theory, and fusion protein expressions can be verified by Western blot analysis. In previous research XAGE-1a transcript was reported translated to the XAGE-1b protein and XAGE-1c translated to 9-and 17-aa polypeptides (9, 12, 24) . In this study, we found the same molecular weight protein with XAGE-1b/GFP expressed both in cells transfected the pEGFP-N1-X-1a and the pEGFP-N1-X-1c plasmids. These results indicate that both the XAGE-1a transcript and XAGE1c transcript may be translated into their specific protein and XAGE-1b protein in vivo.
The active transport through the nuclear pore complex needs NLS (25) . Given XAGE-1a, -1b and -1c have the common sequence, XAGE-1b, we thought the NLS should be located on XAGE-1b sequence. Deleted mutation and minimal mutation demonstrated that the two basic domains at amino acids 5-24 is the bipartite NLS and it is important for the nuclear localization, this is consistent with the study of Zendman et al (3) .
But NLS is not enough for the characterized nuclear distribution of XAGE-1b. The functional diameter of nuclear pore complexes (NPCs) is 9 nm, molecules <~50 kDa can shuttle between cytoplasm and nucleus (25, 26) . According to this, XAGE-1a, -1b and -1c should be capable of passing through the nuclear complex pore, distribute as XAGE-1d by passive diffusion; N-terminal 24 amino acids deleted mutation still leads to dispersed speckles, although the bipartite NLS contribute to the distinct dotted distribution; and the Nterminal 24 amino acids only can not direct XAGE-1b complete into nucleus or form the distinct speckles: XAGE1b and XAGE-1d share N-terminal 32 amino acids in common, but have very different cell localization and distribution. Furthermore, deleted mutation indicates that Nterminal 25-42 amino acids are also needed for the speckled nuclear distribution. We conclude that the N-terminal 42 amino acids (may at least amino acids 5-42) are responsible for the nuclear localization and the characterized distribution of XAGE-1b (even to XAGE-1a, -1c). This region not only has the bipartite NLS, but also may contains the sequence that have sites binding to proteins in the nucleus; or this region can form certain conformation, then binding to some protein in the nucleus and the bound protein cellular localization contributes to the speckled distribution.
Nucleus of mammalian cells is remarkably complex, it contains multiple macromolecular multiprotein complexes that have characterized morphology, called nuclear bodies (NBs). Coiled bodies are involved in snRNP biogenesis (27) ; PML NBs closely relate to apoptosis (28) . The distinct dots of XAGE-1a, -1b and -1c may belong to one of the NBs, it can be one member of the mutiprotein complexes by binding to other nuclear proteins through its N-terminal 45 amino acids. Although the precise functions of NB remain unknown, changes in the constitution of these nuclear inclusions are associated with disease phenotypes. XAGE-1b as the main transcript of XAGE-1, and one member of CT-X gene, generally expressed in the spermatogonia (proliferating germ cells) and lung adenocarcinoma, and metastasis melanoma, may function as a transcription factor or an adaptor in the development and in tumor progress.
